Abstract Invasion of thyroid gland (TG) by laryngeal cancer is rare. However, ipsilateral hemithyroidectomy is routinely performed during total laryngectomy (TL) for laryngeal cancers. Even hemithyroidectomies are associated with hypothyroidism in 23-63% and hypoparathyroidism in 25-52%. Most of the studies on laryngectomy have advised thyroidectomy for T3 and T4 lesion, transglottic growth, subglottic disease or extension and involvement of anterior commissure. The role of tumour differentiation in TG invasion is unknown. The cases with TG invasion have been reported to have poorer prognosis. This is a retrospective study of 45 patients undergoing thyroidectomy along with TL. Of these, five had TG invasion. Extra-laryngeal soft tissue involvement [RR 1.89 (1.02, 4.24)] and transglottic growths [RR 1.18 (1.02, 1.36)] had a significant association with TG invasion. The mode of spread, contiguous or noncontiguous, depended on tumour differentiation. Well differentiated cancers had propensity for contiguous spread and moderately differentiated cancers for non-contiguous spread (p = 0.05). The 5 years survival of T4a cases was 30%. The difference in survival between TG invasion (p = 0.618), cartilage invasion (p = 0.111) and soft tissue infiltration (p = 0.474) was statistically insignificant. Anatomically direct TG invasion can only occur through extralaryngeal soft tissue which is includes cricopharyngeus and cricothyroid muscles. We recommend thyroidectomy only when these muscles are involved by the tumour in case of well differentiated cancers. The probability of TG invasion increases with transglottic growths with subglottic extension more than 10 mm. We recommend ipsilateral hemithyroidectomy in less differentiated cancers as they have propensity for non-contiguous spread.
Introduction
Total laryngectomy (TL) is the standard of care for operable advanced squamous cancers of larynx (LC). Total or ipsilateral hemithyroidectomy or isthmectomy are performed along with TL in many of these cases. The need for performance of thyroidectomy during TL is controversial as TG invasion is rare and thyroidectomy is associated with long term morbidities. Among the patients who undergo hemithyroidectomy, hypothyroidism has been reported in 23-63% [2, 10] and the incidence increases to 70-91% when hemithyroidectomy is followed by adjuvant radiotherapy [1, 2, 10] . A 20% incidence of hypothyroidism is reported in cases where only TL was used as monotherapy preserving both the lobes of thyroid [2] . This has been attributed to the damage to the vascular pedicles of thyroid gland (TG) during surgery [5] . Hypothyroidism needs life long physician care and the cost of care of these patients increases significantly.
Thyroid gland being an adjacent organ to larynx, it can be contiguously invaded or a non-contiguous spread can occur lympho-vascularly [8] . Many studies have analysed various factors that could influence the invasion of TG in LC, thus indicating the need for thyroidectomy in specific cases [1-5, 7, 9, 10, 15] . A recent meta-analysis of eight retrospective studies by Mendelson et al. [12] has advised hemithyroidectomy in transglottic tumours, subglottic tumours and tumours with subglottic extension more than 10 mm [13] . The indications for thyroidectomy that have been discussed most often in the published literature are palpable nodule [2] , T3 and T4 lesion [2, 3, 5, 7, 10] , transglottic growth [2, 3, 5, 7, 12] , subglottic disease or extension more than 10 mm [1-3, 5, 9, 12, 15] and involvement of anterior commissure [3, 10] . One study has discussed the role of cricoid cartilage involvement and peri-thyroid soft tissue involvement as very effective indicators for considering thyroidectomy [9] .
Invasion of TG is considered as T4a under AJCC TNM classification, group staged as IVa, unless distant metastasis has occurred. The 3 and 5 years disease free survival (DFS) for T4 cancers is approximately 45 and 30-35%, respectively [13] . However, the reported 3 years DFS for patients with TG invasion is 0-22% [2, 8] which is much worse than the rest of T4 cases. Biel et al. [2] have reported recurrence in all their cases of TG invasion within 10 months of definitive treatment.
In this study, we have analysed the factors that could indicate the need for thyroidectomy along with TL. We have also compared the prognostic implication of TG invasion with other adjacent structure invasions classified within T4a and have assessed the need for upstaging TG invasion.
Methods
This is a single institution based retrospective study of patients undergoing TL for LC from January 2002 to December 2006. A total of 54 patients underwent TL for LC during this period. The retrieved records were inspected for details of clinical examination, imaging, operative note, histopathology and follow-up. All the cases were staged according to American Joint Committee on Cancer, 6th edition. Tumour extent, size, subsite involved, thyroid involvement and differentiation were based on the gross and histological analysis of pathological specimen. Pre and postoperative therapies received by the patient were also noted. We reviewed the reports and histopathological slides of all the patients.
Nine patients were excluded from the study, as they did not undergo thyroidectomy. 45 (83.33%) underwent ipsilateral hemithyroidectomy or total thyroidectomy. Of the 45 patients included only 1 (2%) patient was female. So, results were not studied separately for men and women. Their age ranged from 25 to 80 years (mean 54.04, median 55). The tumour was located in supraglottic region in 2 (4.4%), glottic in 9 (20%) and subglottic in 1 (2.2%) of the cases. In 33 (73.3%) cases, the tumour was transglottic. Cervical lymph node dissection was a part of all these cases. 41 (91%) cases received adjuvant radiotherapy and four (9%) received preoperative radiotherapy. Radiotherapy was delivered at a dose of 50-70 Gy in fractions limited by various factors such as patients' tolerance and compliance. 71% of patients received 60 Gy in total. Stomal boost was administered in 9 (20%) of the cases. These patients were advised regular follow-up as per institutional protocol.
The data was entered and analysed using Epiinfo. Graphs were generated using SPSS Statistics 17.0.
Results
Five (11.11%) out of 45 cases had TG invasion. All the cases with TG involvement were transglottic carcinomas ( Table 1) . We found the tumour differentiation to be a very important factor determining the mode of TG invasion ( Table 2 ). Moderately differentiated tumours had a propensity for non-contiguous spread, whereas, well differentiated cancers spread contiguously. The difference between the two was statistically significant (p = 0.05 The 2 years follow-up was available for 82.22%, 5 years for 60% and 7 years for 40%. The overall 2 years DFS of the group was 73% and 5 years DFS was 52%. Two years DFS for stage III and stage IV were 90 and 56% (Fig. 1) . The T4a cases had a 2, 3 and 5 years DFS of 57, 40 and 30%, respectively (Fig. 2 ). There were 22 cases of T4a disease. We compared the DFS of all T4a cases with those of TG invasion (p = 0.618), cartilage invasion (p = 0.111) and soft tissue infiltration (p = 0.474) individually and found their difference statistically insignificant, as indicated by p values of log rank test.
Discussion
Thyroid gland is an important endocrine gland situated anteriorly in the lower neck from the level of fifth cervical to the first thoracic vertebra [14] . It has two conical lobes connected by an isthmus at the level of 2nd to 3rd tracheal ring [14] . The medial surfaces of the lobes are related to larynx superiorly and trachea inferiorly. Thyroid gland is restricted in its upper pole by the attachment of sternothyroid muscle just anterior to the oblique line of thyroid cartilage (Fig. 3a) . Therefore, the superior pole of TG is separated from the posterior part of the thyroid lamina and the side of the cricoid cartilage by inferior pharyngeal constrictor and the posterior part of cricothyroid muscle (Fig. 3b) . Inferior pharyngeal constrictor has two components, the thyropharyngeus which arises mainly from the oblique line of the thyroid lamina, and the cricopharyngeus which arises from the lateral surface of cricoid cartilage (Fig. 3a) . Our study showed that transglottic growths and extralaryngeal soft tissue infiltration to be statistically significant factors that would indicate ipsilateral hemithyroidectomy during TL. Many other studies have indicated an increased risk of TG invasion for transglottic Tumours [2, 3, 5, 7, 12] . Transglottic growths being large volume lesions are prone to higher degree of lateral spread. In case of a direct spread of cancer to TG, the lesion has to invade through thyroid cartilage, cricoid cartilage or cricothyroid membrane to reach the extralaryngeal soft tissue (Fig. 3b) . Cartilages are known to form strong barrier for spread of cancer, thus restraining the disease for longer time [6, 11] . So, cricothyroid membrane is the weakest part of the laryngeal skeletal framework and the disease is most likely to invade through the membrane (Fig. 3b) . Extralaryngeal soft tissues, which include the cricopharyngeus and cricothyroid muscles along with the surrounding fascia, are the first to be involved when the disease spreads laterally outside the skeletal framework of larynx (Fig. 3b) . The disease has to invade through these to reach TG which is related to their outer surface Isthmus of TG alone is least likely to be involved in a direct invasion as it lies over the 2nd or 3rd tracheal rings. Mere involvement of anterior commeasure can not be considered an indication for thyroidectomy as vertical distance between the anterior commissure and the isthmus is about 2-3 cm [3, 10] .
The very few studies that have discussed the prognosis of cases with TG invasion indicate dismal prognosis for them [2, 8] . They have indicated early recurrences in their cases. In our series, the prognosis of the patients with TG invasion has been found to be at par with that of other T4a cases of LC.
Our results indicate that the idea of the extent of TL in LC is to get adequate tumour free margin, which may include TG. In cases where there is clinico-radiological proof of lateral extralaryngeal spread of disease, a preoperative planning of hemithyroidectomy would be indicated to get adequate disease free margin. In cases where there is no such evidence and it is well differentiated cancer with subglottic extension of more than 10 mm, it would be advisable to perform frozen section of the cricothyroid and cricopharyngeus muscles. If the muscles are invaded a hemithyroidectomy would be indicated to attain adequate margin, otherwise thyroid can be conserved. However, in case of lesser differentiated cancers, as they have higher propensity for lymphovascular metastasis, both to TG and lymph nodes, we advocate ipsilateral thyroidectomy.
Conclusion
We recommend thyroidectomy only when the extralaryngeal soft tissue is involved by the tumour in case of well differentiated cancers. The probability of TG invasion increases with transglottic growths with subglottic extension more than 10 mm. We recommend ipsilateral hemithyroidectomy in less differentiated cancers as they have propensity for non-contiguous spread.
